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SUMMARY 



At the req-aest of the Army Air Forces, Materiel 
Command, 10 practical-cons truction models of sections of 
helicopter rotor blades built by the Sikorsky Aircraft 
Division, United Aircraft Corporation, were tested in 
the NACA two-dimensional low-turbulence nressure tunnel 
at atm-ospheric pressure. 

Lift, drag, and pitching-noiT.ent characteristics of 
blades representing the present method of construction 
of the YR-iiA helicopter were determined. Similar data 
were obtained for other models representing the YR-Ii-A, 
XR-6, and XR-5 helicopters to determine the effect of an 
abrasion strip at the leading edge, of improving the sur- 
face fairness and smoothness near the leading edge, of 
halving the rib snacing, of making the blades entirely 
of plywood, of uslne a combination ply^vood and fabric 
construction, and of using a thinner airfoil section. 
The effects of various model inbernal pressures on the 
characteristics of the fabric-covered models were deter- 
m.lned. Internal pressures corresponding to various tip- 
vent positions were meastired on one of the two tip 
sections. The spanwlse variation of section drag was 
also obtained for the tip sections. The tests were made 
over a range of Reynolds nvjnbers from O.7I4 x 10 to 
5.14.6 X 10^ and a corresponding range of Mach numbers 
from 0.150 to 0.576. 
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The aerodynamic characteristics of the fabric- 
covered models' used in the present tests were marlredly 
affected 'bj variations of th^ internal pressure. Usually 
the most desirable pressure in the hollov/ rear portion of 
the model was one equal to the free-stream static pressure. 
An internal pressure greater than that of the free stream 
usually produced an increase in section drag coefficient, 
a decrease in section maximum lift coefficient, and a 
forvmrd movement of the aerodynamic center. An internal 
pressure less than that of the free-stream static pres- 
sure usually produced a slight increase in a section 
drag coefficient, a slight increase in section maxlm.um 
lift coefficient, and a slight rearward movem.ent of the 
aerodynamic center . 

Halving the rib spacing of a fabric-covered model 
made the aerodynamic characteristics less sensitive to 
the model internal presaure. j 

Blades having pl;\Avood surfaces had maxim.TAm lift 
coefficients no higher than those of fabric-covered 
models and drag coefficients about 0.0015 less than 
those of the best fabric-covered models. 



INTRODUCTION 



The characteristics of smooth and fair airfoil 
sections specified for use on helicopters have been 
known for some time as a result or tests in essentially 
two-dimensional nonyawed flow. It has been realized, 
however, that the characteristics of actual rotor-bl.ade 
sections are different from those of smooth and fair air- 
foils because of manufacturing irregularities, distortions 
of the blade-section shape that occur in flight, and the 
yawed conditions in which the blade sections operate. 

At the request of the Army Air Forces, Materiel 
Command, 10 practical-construction models of sections 
of helicopter rotor blades built by the Sikorsky 
Aircraft Division, United Aircraft Corporation, were 
tested in the NACA two-dimensional low-turbulence 
pressure tunnel at atmospheric pressure. Although these 
tests did not simulate the effects of yaw, data were 
obtained to determine the relative merit of various 
practical types of construction. 
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Lift, drag, and pitching-moment characteristics of 
blades representing the present raethod of construction 
of the YR-i+A helicopter were determined. Similar data 
wpre. obtained for other -models representing the YR-l+A, 
XR-6, and XR-5 helicopters . to determine the effect of 
an abrasion strip at the leading edge, of improving the 
surface fairness and smoothness near the leading edge, 
of halving the rib spacing, of making the blades entirely 
of plyv/ood, of using a combination plywood and fabric 
construction, and of using a thinner airfoil. The effects 
of .various internal pressures on the characteris.tlcs of 
the fabric-covered models were determined. Internal pres- 
sures corre spending to various tip- vent positions v;ere 
measured. The spanwise variation of section drag was 
also ■ obtained for the tip sections. The. tests, were made 
over a range of Reynolds numbers from O.yi-I- x IQ^ to 

5.I^6 X 10^ and a corresponding range of Ma ch numbers 
from 0.150 to O.376. 

MODELS 



Models representing sections of rotor blades from 
three helicopters, the YK-liA, XR-6, and Xrl-5 v;ere tested. 
The YR-l+A models consisted of a group of five camouflage- 
painted fabric-covered models, the no. 1, no. 5, no. l^, 
no. 6, and no. 10, representing sections in the region 
from the blade tip to approximately 9 f^^t from the tip. 
The ,YR-i|.A no. 10 model was built with half the rib spacing 
of the others and the YR-ij-A no. I), was built v/ithout a 
leading-edge abrasion strip. In addition to tests in 
its original condition, the YR-ijJi no. 10 was also tested 
with the forv;ard third of the model surfaces faired to 
the contour of the NAG A 0012 airfoil section with pyroxylin 
glazing putty and sanded smooth. Although the texture 
of the finish over the forward third of the model sur- 
faces was made smooth to the touch, there were local 
bumps just to the rear of the quarter-chord line that 
couid not be removed by sanding. The YR-1|.A no. 10 model 
with the forward third made smooth and fair is called 
•the YR-ij,A no. 10 (Smooth Forward Portion). The models 
were to represent the NACA^0012 airfoil section but, as 
constructed, were about 12^ percent thick. Additional 

information for these models is given in table I and 
figures 1 to 6. The crack at the juncture of the 
leading-edge abrasion strip and the remainder of the 



model that can be noticed in figure 6(9.) occurred 
after the model tests had been completed. 

Three XR-6 blade sections, the XR-6 no. 1, no. 5> 
and no. 7 models representing the portion of the blade 
between the tip and app^r^oximately 9 feet from the tip 
were tested. The models were of plywood construction 
and were painted v/ith .camouflage paint b^/ the manufacturer. 
Measurements of the models shov;ed them to be just about 
12 percent thick. Additional inf ormjation for these 
models is given in table I and figures 7 to 9. 

Two XR-5 blade sections v;hich represented the 
portion of the blade close to the tip were tested. The 
models were of combination plywood and fabric construc- 
tion haying plywood laid over ribs and camouflage- painted 
fabric over the plywood. The two XR-5 models differed 
from one another in the extent of ply^vood on one of the 
surfaces. The ordinates of the two XR-5 sections, obtained 
from measurements of one of the models, are approximately 
those of the NAG A OOlO-blt. airfoil section (reference 1)* 
Additional inf oripxation for these models is given in 
table I and figures 10 and 11. I 

All the models were tested as received except for 
filling a few gouges obviously caused by handling and 
lightly sanding the upper surface of the XR-6 no. 2 tip 
s'ection before testing. After the drag measurements 
for the YR-I;A no. 1 tip section were completed, six vent 
holes were installed. The model internal pressures -were 
then measured v/ith all the vent holes se^V^d, except the 
one for v/hich data! were being obtained. Ttie vent holes 

were all of -—--inch diameter. Five were on the lower 

surface —-inch inboard of the solid wood v;hich formed 
2 z 

the outer 6^ inches of the tip section and were located 

at 38, 50, 60, 70, and 80 percent of the chord from the 
leading edge in a plane perpendicular to the quarter- 
chord line. The vent holes were made by doping a strip 
of aircraft fabric over the model fabric in the region 
in which the holes were to be locate.d, cutting the holes 
through the two thicknesses of aircraft fabric, and 
smoothing their edges. The sixth vent hole was drilled 
from the extrem.e tip through the solid tip portion and 
into the hollow part of the model. The location of the 
tip- vent hole is given in figure 12* 



TEST PROCEDURE 



The tests in the NAGA tv/o-dimensional pressure 
tunnel were made at atmospheric pressure in order to 
keep the same relation between the Reynolds number, 
Mach nuniber^ and d-^niamic oressare as in flight., 

Tlie wind tunnel is briefly described in reference 2. 
All the models exceDt the two tin sections extended 
almost from wall to wa3.1 of the tunnel. Gaps just large 
enough to allow the model to pitch freely during 
mxeasurements of the pitching m.omonts were left at the 
model ends o Because of the sm^all size of the end gaps^ 
about 1/32 of an inch, it is believed that the effect 
of any air flow through bhese gaps on the measured 
lifts, drags, and pitching moments was negligible. The 
two tip sections v;ere mounted cantilever from one wall 
of the tunnel leaving an 11- inch gap between the model 
tip and the other wall of the turmel. 

The aerodynamic data were obtained at the smallest 
Reynolds number first and the highest last. The chords 
used in calculating the Re:j/nolds numoer are given in 
table II, The lifts were measured by evaluating the 
reaction of the model on the floor and ceiling of the 
tunnel from measurements of the pressures on the floor 
and ceiling (reference 2). Although the models did not 
have uniform chord along the span, no change was m.ado 
in the usual method of obtainin'^ the lift. Any error 
caused by the taner of the models is believed to be 
sm.all • 

The drag coefficients for bhe complete span m.odels, 
obtained by the wake-survey m^ethod, were the average 
coefficients over the center portion of the models. In 
table II, which lists the tests of each m^odel, are given 
the spanwise distances over which the drags were measured. 
The drag coefficient of the two tip sections has been 
based on a 10-inch, chord. The variation of chord along 
the span of the two tip sections is given in figure 13 . 

The nitching-m.oment coefficients were obtained 
from measurements on a balance (reference 2). 

Because sone of the test Mach nujnbers were higher 
than those at which tests are usually made in the 
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NACA tvvo-diiiiensional pressure tunnel^ the cus toinary 
methods of computing the data were modified to include 
the compressiloility correction to the measured d^/namic 
pressure, Tlie v/ake-survey method of obtaining drag was 
corrscted for compressibility by using the charts in 
reference $. | 

The usual corrections to the lift^ drag, and 
pi tching-moment coefficients for tunnel-wall effect 
have been applied to the data for all the models except 
the tv/o tip sections. The corrections used were; 



c^ = 0.998c^^ 
- l.OOij-a^^? 

for the YH-]|A nOo 5, no. no. 10, no. 10 (Smooth Forward 
Portion)^ and XR-6 no. 5 models • For the YH-Ii-A no. 6, 
XR-5(^)^ XR-^ih), and XR-6 no. 7 models, the corrections 
were t 

cj = 0.991cjt 

^d = 0-997cd' 

^m - o.997c,^^ 
= 1.006a^^t 

The primed s^nrhols denote values obtained in the tunnel. 

Tunnel-v\rall corrections have not been applied to 
the data for the tip sections because of the small 
magnitude of the corrections for a full-span model of 
the size of the tip sections and because the corrections 
usually applied v/ere derived for constant chord models 
which comxpletely span the tunnel. Because of the 
questionable accurac:/ of profile-drag measurements made 
by the wake-survey method in the region of strong trailing 
vortices, such as were present in the tip region of the 
models, the compressibility corrections have not been 
applied to the measured drags for the two tip sections. 
The corrections v/ould reduce the drag coefficients by 

approximately nercent at a Mach nulnber of O.28O and 



5 percent at a Mach member of Oo375. During tests of 
the tip sections, the wake -survey rate was about 

2- feet behind the trailing edge of the models. 

The full-span fabric-covered models and the fabric- 
covered tip section were tested with the internal pressure 
in the hollow rear portions of the models equal to the 
free-stream static pressure and to pressures greater and 
less than the free-stream static pressure by 20 inches of 
water. The free-stream static pressure is the pressure 
that would exist in the tunnel test section for the 
conditions at which the tests were made but with the 
tunnel test section empty. The desired model internal 
pressures vvere obtained by connecting the interior of 
the models to a pump through a hollow pin that helped 
hold the models in place. The model internal pressures 
were measured "oj connecting the hollow rear portion of 
the models to a suitable manometer. 

The internal pressures of the fabric-covered tip 
section were measured with all the holes sealed except 
the one for which data were being obtained. The 
measured pressures have not been corrected for t-onnel-- 
wall effect. 

During the tests the fabric on some of the m.odel.^ 
cracked or split, thus causing leaks « The cracks v/ere 
repaired by applying dope; the tears were repaired 
by covering the region of the tear with aircraft tane 
and applying a few coats of dope • A list and the type 
of repairs are given in table III. The aerodynamic 
characteristics of the models v;ere not noticeably 
affected by changes in surface conditions caused' by the 
repairs. To eliminate the possibility of model failure 
at the highest test dynamic pressures the angle- oi- 
attack range was restricted to values belov; the stall. 



RESULTS 



The results are presented in groups of blade sections 
which have similar construction features. The pitching- 
mom.ent coefficients have been presented about both the 
aerodynamic centers and quarter-chord points for all 
cases except those where the slope of the curve of 
pitching-moment coefficient about the quarter-chord point 
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was practically zero. All the aerodynamic centers are 
located on the chord line . 

The first group consists of the IR-k-^ no. 5 ^-^d the 
Y?i~l|.A no, 6 blade sections. The results for the YIi-)4-A 
noc 3 blade section are given in fligures ll^. to l6. 
Upon inspecting the model at the completion of the test 
at a RejrQOlds number of IcBIj. x 10^, it was found that 
the fabric covering over the hollov/ rear portion of the 
airfoil had become flabby. The tests at a Reynolds mx-.ber 
of 2,58 X 10^ were conducted with the fabric in this 
condition. The fabric flabbiness magnified the. effects 
of the different internal pressures and allowed the 
external suctions to have a relatively large effect at 
the higher d;)Tiamlc pressures for the condition of zero- 
internal-pressure difference. The results ^or the YR-I4.A 
no. 6 blade section are contained in figures 17 to 20. 
The fabric tension decreased slightly during the tests. 

The second group consisted of the YR-.^A no. 
YR-Ii-A no, 10, and Ylt-l+A no. 10 (Smooth Por.vard Portion) 
sections. The YR-I4-A no, I4. blade section was used to 
determine the effect of a leading-edge abrasion strip 
on the characteristics of the models in the first group. 
The results are given In figure 21 0 The YR4lA no. 10 
blade section was tested to determine the effect on the 
aerodynamic characteristics of models in group one of 
halving the rib spacing. The results are given in 
figures 22 to 2l^. The Td-kk no. 10 (Smooth Forward 
Portion) was used to determine the effect of smoothing 
and fairing the forwar^d third of the airfoil section on 
the aerodynamic characteristics of models similar to the 
YR-lj-A no. 10 blade section. The results are contained 
in figures 25 and 26. 

The third group consisted of the XR-6 no, 5 and 
XR-6 no. 7 blade sections and indicate the results to 
be expected from pi j^ood -covered blades. The data for 
the XR-6 no, S are presented in f.igure 27 and the data 
for the xR-6 no. 7, in figure 28. 

The fourth group consisted of the XR-5(a) and 
XR-5(b) sections and indicates the effect on the aero- 
dynamic characteristics of changing the airfoil section 
from the NAG A 0012 to the hAGA OOIO-64 and indicates the 
results to be expected from r^ade sections having the 
combination nly^ood and fabric construction used for the 
XR-5 models.' The results for the XR-5(a) blade specimen 
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are given in figures 29 and 30. The results for the 
XR-5(^) hlade specimen are contained in figures 51 to 33 • 

The fifth group consisted of the two blade tip 
sections. Neither lift nor pitching moments were 
measured during tests of the two tip sections. Section 
drag coefficients over the outer portion of the span 
are presented in table IV for the YR-[|.A no. 1 tip section 
and in table V for the XR-6 no. 2 tip section. Data of 
table IV at one test condition and four angles of attack 
were plotted in figure 5^4- to show the variation of section 
drag coefficient along the span of the Y!?-i(.A no. 1 tip 
section. Similar data for the XR-6 no. 2 tip section 
from table V are oresented in figure 35- In figure 56 
data are presented in the form of curves of Ap/q versus a 
for the various vent-hole positions, where 

Ap ^iiodel internal static pressure rij.nus free-stream 

static pressure 

q free -stream dynamic pressure 

DISCUSSION 

Aerodynamic Characteristics of Fabric-Covered Models 
as Affected by Internal Pressure 



The blade sections v/ere tested at internal pressures 
greater and less than that of the free-stream static 
pressure because the internal static pressures of rotor 
blades in flight differ from atmospheric pressure. 
The column of air contained in the rotating blade is 
acted upon by centrifugal forces and for the XR-5# 
XR-6, and YR-I4.A helicopters it is possible for the 
static 'oressure in the tip portion of the blade to be 
about 280 pounds pei' square foot greater than atmospheric 
pressure at sea level. This Is based on the assump- 
tion of an internal pressure at the blade root equal 
to the atmospheric static pressure and an airtight 
blade. By sealing the blade at the root and leaving 
the tip portion open to the atmosphere it would be 
possible to get an internal static pressure in 
the blade at the root less than atmospheric pres- 
sure by about 280 pounds per squar* foot. 



10 



Such large pressure differences from atmospheric pressure 
are probably not encountered in practice because the 
blades are vented to the atmosphere and . :.y have leaks 
or partitions along the span. A pressure difference of 
20 inches of water, corresponding to a pressure of 
10l\. pounds per square foot, was chosen as being suffi- 
cientl77 large to shov/ clearly- the effects of internal 
pressure on the aerod;\n:iamic characteristics and yet not 
be large enough to cause structural failure of the blades 
during the tests. 

The YR-Ua no. . 5 test section v^as chosen to illustrate 
the effects of internal pressure on the aerodynamic 
characteristics of a typical fabric-covered model. 

Se ction maximum lift coef f icient The effect of 
variations of Internal pressure on the section maximum 
lift coefficients of fabric-covered models with normal 
rib spacing is Illustrated by the data for the YR-ij-A 
no. 5 section, ai: a Rejmolds nuinber. of 1.8I(- x lOo, given 
in the following table airid in figure 15(b): 



Internal r>:ce a s\ire 




Section raaxiraijin 


(in. HoO) 




lift coefficient 


20 




1 . 1'-; 


0 




1.25 


-20 




1.32 



Increasing the internal pressure caused the section 
maximum lift coefficients to decrease • ...^creasing the 
internal pressure caused the opposite effect. The effect 
of internal pressure increased as the test d:^mam:ic pres- 
sure increased (figs, lli-(b) and 15(b)). 



The effects of internal ^oressure on other • models , 
which had approximately the same rib spacing C;?c-I|.A no. l^., 
YR-l+A no. 6), were about the same. 

Section lift-curve slope .- The effect of variations 
of the internal pressure on the slope of the lift curve 
is illustrated in the following table and in figures li4.(b), 
15(b), and l6(b) for the YR-i|A no. 5 test section. 
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Internal 
pressure 

(In. H2O) 


Section lift-curve slope 


R - 0.91 ^ 10^ 


R = 1.3k X 10*^ 


R = 2.58 X 10^ 


q = 26.0 lt)/sqx"t 


q - 102 Ib/sq ft 


q = 210 ib/sq ii; 


20 
0 

-20 


O.lOij. 
.lOli. 
.106 


0.095 
.112 

.112 


0.102 
.112 

.119 



Increasing the internal pressure reduced the slope 
of the lift curve from that obtained at zero internal- 
pressure difference and decreasing the internal pressure 
caused the slope of the lift curve to increase. 

The values in the table also indicate that the 
effect of Internal pressure became larger with increasing 
airspeed. Increasing the airspeed caused the dynamic 
pressure to increase and therefore caused the pressure 
differences acting across the fabric surfaces to increase. 
The increased pressure differences caused increasing 
changes in model contour. 

Sec tion drag coefficient .- Tiie effect on the section 
drag coefficient of varying the internal pressure is 
illustrated by the data for the Y7t-i|A no. 3 test section. 
The data for a moderate lift coefficient, 0.1+, and a 
Reynolds number of 1.814. x 10° are given in the following 
table and in figure 15(a): 



Internal nressure 


Section drag 


(in. H2O) 


coefficient 


20 


0.0115 


0 


.0098 


-20 


.0107 



The table is representative of the general con- 
clusions drawn from the data in the figures. These are 
that zero internal-pressure difference produced the 
lowest section drag coefficients and that the suction 
condition produced slightly higher section drag. Positive 
internal pressLires produced the largest drag coefficients. 

Secti on aerodynamic center .- The effect of variations 
of th~intei-nal pressure on tne position of the aero- 
dynamic center is illustrated by the data given in the 
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following ta"ble and in figure 15 (^^) for the YR-l\A no. 5 
model at a Reynolds number of 1.3[{. x lOt^, 



Internal pre s sure 
(in. IIpO) 



20 
0 

-20 



Position of the 
aerodynamic cente: 



0.212 
.258 



Changing the model internal pressure thus had a 
large effect^on the position of the aerod^fnamic center. 
Positive internal pressures caused the aerodjmamic centers 
to move forward fairly large distances from the positions 
for no internal-pressure difference. In most cases, 
suction caused a' slight rearward movement of the aero- 
dynaifxic center. The reason for the movement of the aero- 
dynamic center with internal pressure is believed to be 
the change in the airfoil shape in the trailing -edge 
region as the internal pressure was varied. A thick 
blunt tralling-edge region results in a forward position 
of the aerodynamic center; a fine cusp-like trailing- 
edge position results in a rear position of the aero- 
dynamic center (unpublished data from LiMAL). 



Effect on the Aerodynamic Characteristics 
of Increasing the Airspeed 



Section maximum lift coefficient ,- The effect on 
the section maxlmupi lift coefficient of increasing the 
airspeed is illustrated by the data for the YR-1|A no. 5 
section contained in the following table and in fig- 
ures l)|(b) and 15(b): 





Section maximum 


lift coefficient 


R 




Internal 
(in. 


pressure 
H?0) 


0.91 X 10^ 








-rj- - i --JZTJ 




L.20 
I-.I5 


1 

1 


.17 1 1.23 
.25 1.52 



PS the airspeed increased the section maxiravra lift 
coefficient obtained at the condition of positive internal 
pressure decreased. At hcth zero internal-pressure 
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difference and vsuction the section maximinn lift coeffi- 
cient increased with increasing airspeed. The changes 
Yjere fairly small. 

^ The change in maximu^i section lift coefficient with 

^ airspeed depended on the relative effects of the change 

J? in Re\Tiolds number, Mach n-umher, and airfoil contour. 

Increasing the Reynolds number in the range covered by 
the present tests would be expected to increase the 
maximum section lift coefficient but increasing the Mach 
number v\rould decrease the maximum section lift coeffi- 
cient. An example of the effect of Mach member on the 
maximum section lift coefficient is given by the data 
in figures 25(b) and 26(b). The section maxim.um lift 
coefficient decreased from 1,25 to lcOi| as the Mach 
nimber increased from 0.262 to Op575» 

In reference l^are given data indicating that the 
effect of Mach nijimber on the maximum lift coefficient of 
the NACA 0012 airfoil becomes importtait at Mach numbers 
greater than 0.17* The effect of increasing the dynam^ic 
pressure \vould be to increase the maximum section lift 
coefficient if the effect of increasing cam.ber at the 
rear of the airfoil, caused by the fabric deflections, 
were greater than the effect of thickening the airfoil 
at the rear. For the condition of suction the effect 
of increasing camber v/as probably greater than that of 
airfoil thickening. At the condition of positive 
internal pressure the airfoil probably bulged out so 
m.uch that the effect of increasing cam.ber was over- 
shadov^^ed by the change in airfoil thickness distribution. 

Section 1:. ft- curve s lope,- As an illustration of 
the variation of section life-curve slope with airspeed 
the values for the YR-ij-A no. 3 i^iodel for the suction 
condition are given below: 



r 

R 




Slope of section lift curve 


0. ^1 X 10^ 

1, 'ok 
2.53 


0.151 
.262 

.575 


1 — -- 

0.106 
.112 
.119 



The section lift-curve slopes increased with air- 
speed. Because the slope of the lift curve for rigid 
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airfoils, in the test range of Reynolds numbers (refer- 
ence 5), Is practically independent of Reynolds number, 
the change in slope of the lift curve was caused either 
by Mach member, d;yn.amic pressure, or -i combination of 
both. 

The section lift-curve sDope may be expected to 
increase with Mach n-umber in the manner given by Olauort's 
factor l/vi - (reference 6)0 For all models tested 

with internal pressure, except the two XR-5 models, the 
increase of the slope of the lift curve with Mach niomber, 
at internal pressures equal to and less thantiie free- 
stream static pressure by 20 inches of water, was greater 
than would be expected from Glauert^s factor. For 
positive internal pressures the increa_se was greater 
than that given by^ the factor l/yl - for the YR-liA 

no. 6 model but less than expected for the YA-k no. 5 and 
YR-l+A no. 10 models. The increase of lift- curve slope 
with Mach number for the XR-o no. 5 Ply^vood-co vered 
model was about equal to the Increase expected from 
Glauert^s factor. The XR-'6 no. 7 model showed an 
unexplained increase in lift-curve slope with Mach 
number that was about 10 percent greater than expected 
from Glauert's factor. 

A contributing factor to the excessive lift-curve 
slopes for the fabric-covered models may have been a 
camber Increasing fabric deflection at the rear of the 
airfoils that increased with increase in d'jm.amic pressure 
and angle of attack. The effect of the camber increasing 
fabric deflections on the lift was probably greatest at 
the condition of suction and least at the positive 
internal- pressure condition because of the bulging of 
the airfoil thickness distribution in the trai ling-edge 
region as the internal pressure Increased. 

Sect io n drag coefficient .- The variation of section 
drag coelTTcient "with airspeed is given in the following 
table and in f igures. l4( a ) , 15(a), and l6(a) for the 
YR-Ii,A no. 5 test section: 
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Internal pressure 
(in. H2O) 


Section drag 
coefficient at 
cj = 0 


Section drag 
coefficj.ent at 
Cj = 0.8 


R = 0.92 X 10^ 


20 
0 

-20 


0.0091 
.0086 
.0102 


0.0162 
.01^1+ 

.oikk 


R = 1.8k X 106 


20 
0 

-20 


0.01 Oil 

. ooq2 
.0098 


0.0172 
.0120 
.0132 


R = 2.58 X 10^ 


20 
0 

-20 


O.Ollli 

.0095 
.0098 


0.0156 
.0132 
.0125 



There were no important differences between the 
variation of section drag coefficient obtained for this 
model and the other fabric-covered models. In general, 
the fabric-covered models at small values of cj did 
not shov/ the usual decrease of section drag coefficient 
with RejTiolds number as the airspeed increased. The 
cause is believed to be the distortion of the airfoil 
shape with increase in airspeed and the fact that the 
model surfaces were not ^aerodynamically smooth. At the 
higher section lift coefficients the section drag 
decreased slightly between the lowest and highest air- 
speeds . 

The section drag coefficients for the XR-6 no. 5 
and XR'-6 no. 7 plywood-covered ?iiodels (figs. 27(a) 
and 28(a)) at zero lift rose by about O.OOO8 as the 
airspeed increased. At the larger lift coefficients 
the section drag coefficients decreased by about 0.0020 
as the airspeed increased. 

Se ction aerodynamic center ^-- The movement of the 
aerodynamic' center of the YR-I4.A no* 5 section as the 
airspeed was varied is given in figures lij.(d), 15(d), 
and 16(d) and in the following tables 
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Aerodynamic center position, x/c 



R 



In.ternal pressure 
(in, H2O) 



0 



-20 



0.91 X 10 



0.2/^2 
• 212 
.206 




0.255 





The variation in position of the aerodynamic center 
for the different internal oressures Increased v/ith 
increasing airspeed. The same effect was present on 
the other fabric-covered models. The cause v/as the 
increasing change caused in the model contour by the 
internal pressure as. the dynamic pressure increased. 

The m.ovement of the aerodynamic center of the 
XR-6 no, 5 pl;/ivood-covered model v/ith change in air- 
speed is presented in figure 27(d) and in the following 
table % 



The small forward movement of the aerodynamic 
center v/ith Increasing airsioeed v/as also obtained on 
the XR-6 no. 7 test section (figc 28(d)). Because of 
the rigid pl^^ood surfaces the dynamic pressure probably 
did not cause a sufficiently large change in model 
contour to affect the aerod,\Tiaimc characteristics. 
Reference 7 indicates that a forv/ard movement of the 
aerodynamic center with increasing Mach number is to 
be ejcoected.' The measured movem.ent for the tv^^o plywood 
models (figs. 27(d) and 28(d)) is close to the value, 
Oo9 percent, which" would be expected from reference 7 
for the test range of Mach nwibers. 



R 



Aerod^Tiamic center position, x/c 



0.92 X 10^ 
lo78 

2M 



0.21.7 
.24.2 

• 257 



Effect of Leading-Edge Abrasion Strip on the 
Aerodynamic Characteristics 



The effect of a leading-edge abrasion strip on the 
aerodynamic characteristics of a typical fabric-covered 
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model can be obtained froinv^a '-^ppmpar is on of the data for 
the no / 3 land YR-i;A^nP> i):: sections at a 

Reynolds number of l-.S? x vlX)^--;- sections were 

practically identical except for the painted leading- 
edge abrasion strip on.; th,a 5 test section and 
a pos3lble difference in fabric tension. 

Section maximum lift -coef ficient .-^ The leading- edge 
abrasion strip had no important effect on the se.ction 
maximiom lift coefficient (figs. 15(b) aiic; 21(b)). 

S ection lift-curve slope From comparison" of fig- 
ures 15 (bj a!'nd 21(b) it is apparent that the leading- ; 
edge abrasion strip causes no important change in slope 
over the straight portion of the lift curve- - • 

slction drag coef f icient The addition of a j 
leading-edge abrasion strip reduced the section- drag 1 
coeffipient by about O.OOOo in the range of moderate j 
section lift coefficients at zero internal-pressure j 
difference. At positive internal pressures the effect; 
of the leadiiig-edge abrasion strip was masked by the - 
effects of fabric deflection so that the model with 
the leading-edge abrasion strip, the YR-i^A no. 3, had. 
higher section drag than the model without the leading- 
edge strip. The effect of the leading-edge abrasion 
strip on section drag coefficient depends on the 
relative smoothness of the leading-edge abrasion strip-. 
For the region of the span over which drags were taken 
the leading-edge abrasion* strip was fairly smooth; at 
other points blobs of' paint were present. 

Section aerod^niamic center The difference between 
the section aerodjmamic centers for the two test sections 
(figs. 15(d) and 21(d)) is not believed to have been 
caused'by the difference in surface conditions at the 
leading edge. Tlie difference may have been caused by a 
difference in fabric tension. 



Effect on the Aerodynamic Characteristics of Fabric- 
Covered Models of Halving .the Rib Spacing 

The effect on the aerodynamic characteristics of a 
fabric-covered model of halving the rib spacing is 
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illustrated by the data for the YR-1|A no. 10 and YR-l+A 
no, 3 test specimens.. The major difference between the 
two models v;as the difference in r3.b SiDacing (table !)• 

Section maximum . lift coefficient .- A table of the 
section maximum lift coefficients is given below: 



(in. HaO) 


no. 5 




■ no.' 10 


R 


= 0.91 X 1 


06 


20 ' 
0 

-20 


1.20 

1.17 
1.23 




1.17 
1.19 
1.18 


... R 


= l.Qli X 1 


06 


20 
0 

-20 


1.15 
1.25 
1.32 




1.25 
1.25 
1.25 



These results indicate that at tiae smallest test 
Reynolds number the section m.aximum lli't coefficients 
for both test specimens were about the same (figs. ll].(b) 
and 22(b)). At the intermediate Re^.Tiolds ni;imber 
l.SIj. X 10^ the section m.aximum lift coefficient of the 
YR-Ii-A no. 10 section was independent of internal pressure 
and equal to 1.25 (fig. 25(b)). The section maximum 
lift coefficient of the YR-liA no. 5 blade section varied 
from. 1,15 with the blade at a positive internal pressure 
to 1.52 v;ith the blade interior under suction (fig. 15(b)) 
Although the greate'st m.aximum • section lift coefficient 
for the YR-l+A no. 10 section was less tr.-; 0. the greatest 
for the YR-I4.A no. 5 section, the halvin^j, of the rib 
spacing eliminated the variation of maximum section lift 
coefficient with internal pressure. 

Section lift- curve slope .** For the conditions of 
positive and zero internal-pressure difference the slope 
of the lift curve of trie YR-l+A no. 10 section divided 
by the slope of. the. lift curve .of the Yn-l^A no. 5 
section varied" frbifi i.02 at the lowest to I.08 at the 
highest Mach nvumber. At negative internal pressures 
the difference between the slope of the lift curves 
was less than about 2 percent for all the test conditions. 
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Section drag coefficient .- The follcwin'^; talDle of 
section drag coefficients at cj = O.I4 Illustrates the 
difference in section drag Qo@fflcients obtained for the 
TR-LA no. 3 and YR-l^A no. 10 models; 



Internal pressure 
(in. Ii20) 


YR-kA 
no. 3 


T , - 

no. 10 

! 


R = 


0.91 X 10^ 




20 
0 

-20 


0.0125 
. 0101 

.0115 


0.009k 

odqA 
.0101 


R - 


l.Sif X IQO 




20 
0 

-20 


0.0115 
. 0098 
.0105 


0.0101 
.0100 

.0103 


R = 


2.58 X 106 




20 
0 

-20 


0.0122 1 
.OlOJi. i 

.0106 - . i 

1 


0.01C2 I 
.0099 
.0102 

■ - . f 



These results indicate that halving the rib 
spacing reduced the variation of section drag coeffi- 
cient with internal pressure to an almost negligible 
amount. Although not apparent from the values in the 
table which are for c? = Q.l\., the YR-liA no. 10 s:Decimen 
at all internal pressures at the lower lift coefficients 
had about the same section drags as the YR-^A no. 3 had 
at the condition of zero internal-pressure difference 
(figs. 15(a) and 23(a)). 'men the internal pressure of 
the YR-ij-A no. 3 test section was greater or less than 
the free-stream static pressure by 20 inches of water 
the section drag coefficients were larger than those 
obtained at the condition of zero internal-pressure 
difference. The YR-l+A no. 10 model at all internal 
pressures, therefore, had smaller section drag coeffi- 
cients than those obtained for the YR-z+A no. 3 model at 
internal pressures greater or less than the free-stream 
static pressure by 20 Inches of water. 

Section ratching-m.oment coefficient .- Halving the 
^i'b spacing reduced but aid not eliminate the m.ovement of 
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the aerod^imamlc center with change in dynamic pressure. 
The movement of the aerodynaiaic canter during the tests 
was reduced from a riovement between 26.2 and 20. o percent 
of the chord for the YR-ifA no. 3 (fig. l6(d)) to a 
movement between 25.0 and 22.6 percent of the chord for ' 
the TR-iiA no.' 10 (fig. 2l4.(d)). 



Comparison between the Aerodynainic Characteristics 

of a Fabric-Covered Model Having Half the Normal 

Rib Spacing and a lUodel Having Rigid Surfaces 

To investigate the effect on the aerodynamic charac- 
teristics of changing the method of construction from the 
fabric-covered type with half the normal rib spacing to 
the plywood-covered tyos of construction the data for 
the YR-'4.A no. 10 fabric-covered section are com.pared with 
those for the XR-6 no. 5 olywood-covered model. 



Section maxim uia lift coefficient .- A table giving 
the section maximum lift coefficients for the two test 
sections is given below: 



_ , 1 

I . " — 1 




YR-l-i.^ n( 


3. 10 


XE-6 no. 5 


0.92 X 10^ 

1.73 




1 


l3 
^5 


l.li, 

, 1.19 



At both the smallest ar^d interKiediate Reynolds 
numbers the fabric-covered YR-l+A no, 10 section had 
slightly higher section maxiaum lift coef f lcier;.l-a than 
the 'plywood covered XR-6 no. 5 section (figs, 22(b), 
25(b), and 27(b)). The difference in section maximum 
lift coefficients, although small, was consistent and 
may have been caused by a slight difference in leading- 
edge radius between the two test sections. 

Section lift-curve slope .- The section lift-curve 
slope was sli.2;htly greater for the Tii-kA no. IQ model 
than for the XR-6 no. 5 model at both- the suction and 
zero internal-pressixre difference conditions. The dif- 
ference increased from abou.t 2 to about 7 percent of 
the lift-curve slope of the XR-6 no. 5 section as the 
test Mach number increased from the lowest to the highest. 
For a positive internal pressure of 20 Inches of water 

! 
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the YH^-^A no. 10 model kad a slope of ; the lift curve 

less than that of the X3-6 no^ 5 section hy:ab-Qut 

7 percent at a Mach number of 0.2C2; at a Ivlach number . 
of" 0.376 the slopes v;ere about the same. 

Section drag coefficient s- In the range of moderate 
lift coefficient's at the lov/est Re;^niolds number the 
plywood^covered blade had about the same section drag 
CoefflcJients as the lowest for YR-I+A no, 10 (figs,. 22(a) 
and 27(a)). At the intermediate. Reynolds number th-e • • 
section drag coefficients for 'the XR-6 no, 5 section 
were lower than those for the YR-i|A no. 10 section by 
aporoximately O.OOII4. through the range of moderate, lift- 
coefficients' (figs. 23(a) and 27(a)). At the highest 
Reynolds number the difference was about the same, 
approximately 0.0013 (figs. 2i^(a) and 27(a)). The 
XR^6"no% 5 pl:7v/ood-c.o.vered blade thus had lower drags 
than the fabric-covered YR-l-U no. 10 blade specimen. 
The difference in section drag coefficient was believed 
to be cauaed by a difference in the surface conditions 
between the two models. 

Sjsifltion Aerodynamic center . The Xr>6 no. 5 ply^ood-* 
covered section had a rigid surface and so' its. aero^- 
dynamic characteristics v/ere obtained without any 
adjustment to its internal pressure. The maximum; 
variation in bhe position of the aerodynamic center 
from the lowest to the highest Re;ynolds n^ambers was 
1 percent from 2^/7 percent of the chord to 2^ .J. percent 
of the chord ( fig. '27(d) ) . The extreme movement of the/ 
aerodynamic center during the tests of the YR-1|A no* 10 
model^vas 2.k percent of the chord from. 2.5. 0 to 22,6 per- 
cent of the chord ( fig. 2i^(d ) ) • 



Effect on the Aerodynamic Characteristics of Smoothing 

the Forward Portion of the Airfoil 

Section maximum lift coef f icient Comparison of 
the data for the Y^-I^A no. 10 and YR-ij.A no. 10 (Smooth 
Forward Portion) indicates no im^portant effect on 
maximum section lift coefficients 

Section lift-cvrve slope .- Smoothing and fairing 
the forv/arci portion 'of the airfoil made no change in 
the slope of the lift curve. 
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Se ction drag coefficie nt,- At lift coefficients 
less 'than -about 0;7. th^^,^. airfoil with, the smooth ; forward 
portion had less dra,g than the airfoil having the usual 
finish... The difference l^. section drag was about 
0.0015 oyet^.part of the range of moderate lift, coeffi- 
cients at all Reynolds numbers for which comparaible 
data are available • J r ; . 

Se c t.i on ae r od ynami c ce nt e.r , p b g 1 1 j on The ^differ- 
; ences in the section aerodynamic center posit; Ions were 

small and were, probably caused bj^ . slight changes in 
fabric tension rather than b^^ changes* in bhe surface of 
the forward portion of the model # 

Aerodynamic Results Obtained for the 

^- Two xn-5 Test Specimens 

, The data in figure 29(b) for the X^i-5(a) tegt 
an-: section indicates a shift in the lift curve between 
the conditions of suction and zero internal-pressure 
difference and the condition of positive internal pres- 
-ooovr:' sure. In addi t ion, . although the. airfoil section was 

s?7T7imetrical, the lift at zero angle of attack, was negative. 
vThe\shift in the lift curve may be expla ' ned by a change 
;:':.^n: model contour during the tests. Dur ./i^; the test at a 

'■■• Reynolds number of 2.I4.O x 10^, it was noticed that the 
. ; fabric. on the upper surface had pulled away from the 
pljTwo.od which it covered and ballooned out, thereby 
changijig the model contbur. The fabric probably began 
tp'puli away from the wood during the test at a Reynolds 
number of 1.19 ^ 10^ and a pressure difference of 
20 inches of v/ater. This' probably explains the upward 
shift of the \irt curve at = 0^ for the positive 

i-nternal-pressure condition at R = I.I9 10'^ because 
bulging fabric ever the upper surface would be equivalent 
to an increase in airfoil caraber. Because of the change 
in model contour caused by the bulging fabric, tests on 
the model were discontinued. The explanation for the 
apparent existence of negative lift at zero angle of 
attack is that the model was tv/isted in such a manner 
that zero angle of attack at the end used to set the 
angle corresponded to a negative angle of attack over 
^ most of the span. 
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The XR-5(t^) ^^-odel was not tested at internal 
pressure ;;reater than the free-strear. static pressure 
because it was found before beginning the tests thab 
application of a small positive Internal pressure 
caused the fabric to begin to tear av^ay from the plyir/cod 
v/hich it covered and balloon outo The section drag 
coefficients in figure 33(a), for intern&.l pressures 
less than and equal to that of the free-stream static 
pressure, have been plotted against ";he lift coeffi- 
cients obtained at an internal pressure eqiaal to that 
of the free stream. The data at the highest Reynolds 
number are incomplete because the fabric had loosened 
from the plwood enough to balloon out over the forv/cird 
portion of the upper surface as mounted in the tunnels 
Because of the change in model contour the tests were 
discontinue do External suctions over "jhe forward 
portion of the unner surface at moderate and high lift 
coefflciencs during the tests at the lower Reynolds 
numbers had probably caused the fabric to tear, av/ay 
from the Dlj^wood. A partial explanation for the relative 
low mF.xlm'jm lift coefficients obtained with the XR-5 sec- 
tion.^ is tiiat the sections were about 10 percent thick 
whereas the others were about 12 percent thic>. 

This portion of the discussion i.j based on the 
data for the XR'-5(t>) m.cdel because the data obtained 
for the XR-'5(^) twisted model maj not be representative. 

Ma ximum sect;' o n lift cc ef f I cien t o- The maxim.ujn 
section lift coeffFcient was lov/cr -ifnan obtained in 
tests of the models using the IJACA 0012 contour. The 
value of the maximum section lift coefficierc Vcxrled. 
from 0,87 at a Re;;niolds nii:.iber of 1^20 x iQb^ to at 
least I0O5 at a Reynolds number of 3»l6 x lO'-^, 
Although part of the increase in maximum section lift 
ma?/ have been caused by the fabric leaving the upper 
surface of the forward rortion of the airfoi]., it 
appears probable that this effect v/as ^mxali. An 
increase in the effective camber v/ouIjA normally shov/ 
itself in an upward shift of the lift curve if ^ the 
camber increase were independent of angle of attack 
or in an abnormally large slope of the lift curve if 
the camber increased with angle of attack. The upv/ard 
shift of the section lift curve was only 0.0.!4. and the 
section lift curve did not have an abnormally large 
slope. Thus, the effect of a change in the airfoil 
contour was probably small and most of the effect 
appears to have been caused by Reynolds namber. 



Sectio n lift-curve slope,- The slope of the lift 
cnrve"vas* slightly les.s TH'an "that of the other nodels 
and showed no abnomal increase with Mach nmiher. 

Section drag coefficient ,- The section drag coef- 
flcient was low at zero lift at the lowest Reynolds 
niomber but increaried at higher lift coefficients and 
Rejnmolds numbers until it was no lower than the section 
drag coefficients obtained for the YI^-liA no. 10 ?nod6l. 
The low values of the maximim lift coefficient caused 
the section drag to increase to large values at lov;er 
values of the section lift coefficient than for the 
other models « 

Section aerody nani c center pos i tion ,- The aero- 
dynamic center was~at the quart jr-ciiord point for all 
the tests at internal pressures less than and equal 
to that of the free-stream static pressi;re, Beca-'jse 
the XR-5(b) model was not tested with internal pressures 
greater than that of the free stream, no data on the 
effect of positive internal pressures' on the position 
of the aerod:^7namic center ai^e available. 



Comparison of Aerodynamic Data for the Test Specim.ens 

with that Obtained for a Smooth and Pair 

N.^.CA 0012 Airfoil Section 

For purposes of comparison, data for a smooth and 
fair NACA" 0012 airfoil have been included in figare 57, 
Pitching moments were not obtained during the test of 
the smooth and fair airfoil, 

Marcim . um section lift coeffi cient,- The Ivlach numbers 
for most of the present tests at iTeyn^ numbers close 
to 1.3 million are approximately 0,2o0, In spite of 
the unfavorable effect of Mach number on maximum lift 
coefficient at iJach numbers larger than about O.I7O 
(reference k) the test specimens had maximum lift coef- 
ficients which were fairly close to that obtained for 
the smooth and fair section at a Rej-nolds mmber of 
1,79 million and a Macli number of 0,150, 

Section lift- curve slope The slope of the lift 
curves for all the m.odels at zero internal-pressure • 
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difference and a Mach number of O.IJO were lust about 
the same as that for the smooth and fair airfoil. 

Section drag coefficient .- The section drag 
coefficients of the fair and smooth NACA 0012 airfoil 
were smaller than those obtained for any of the NACA 
0012 test specimens, including those covered with 
plywood. The difference in section drag between the 
plywood covered and the smooth and fair section varied 
between approximately 0,0005 and 0,0025; the largest 
differences occurred in the range of moderate lift 
coefficients. In figure 57 the drag curve for the 
XR-6 no. 5 model at R = I.78 x 10^' has been included 
for comparison. 



YR-l+A no. 1 and XR-6 no. 2 Blade Tip Sections 

The angle of attack given in the data for the two 
tip sections is the geometric angle of attack at the 
root of the model. Because of the finite span, trailing 
vortices were oresent at all angles at which any portion 
of the models had lift. These vortices produced vertical 
velocities at the models that caused the aerodynamic 
angle of attack to vary along the span. 

For some high drag conditions at the higher tionnel 
dynamic pressures the deflections in the manometer used 
to measure drag exceeded the range of the instrument. 
Therefore, the drag coefficients at these points could 
not be obtained. These points are indicated in the 
tables by an asterisk. ^ATien the variation of drag 
coefficient along the span, at a particular angle of 
attack, does not change much from the lov/er to the 
higher test Reynolds numbers, the profile-drag coeffi- 
cients at the missing points may be estimated from the 
values at the lowest Reynolds mjimber. 

The large spanwise variation of section drag 
coefficient of the YR-I4.A no. 1 tip section (fig. ^1;) 
was probably caused in part by the type of model surface, 
ribs and fabric, and partly by the variation of lift 
coefficient along the span. The lift coefficient varied 
over the span of the model because of the geometric twist 
of about 2^ (table I) and because of the usual variation 
of angle of attack along the span of a finite span model • 
As the angle of attack increased the spanwise variation 
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of section drag coefficient also increased. With 
Increasing angle of attack the boiindary layer over the 
unper surface became thick and therefore was more easily- 
deflected in a spanwise direction by any pressure 
gradients which were r^resent. Such spanwise pressure 
gradients could be caused by the variation of lift along 
the span and by local changes in airfoil contour such 
as protruding ribs and bumps. 

The spanwise variation of section drag coefficient 
for the XR-6 no. 2 plywood-covered tip section (fig, 55) 
was less than for the YR-lj-A no, 1 tip section. The 
major reason was probably the comparatively good surface 
finish of the XR-6 no. 2 tip section. 

The peak in profile-drag coefficient near the tip 
of the models is probably caused by the tip vortex 
deflecting the bo^ondary layer .from a portion of the 
model into a small spanwise region. Regions in which 
the boundary layer has been de .flee ted spanwise usually 
are characterized by alternating regions of high and 
lov/ drag. The regions of high drag repre3e.nt regions 
into which the boundary layer has" flowed from the regions 
which appear as low drag regions. 

The pressure transmitted into the model interior 
by the vario.us vent h.oles are shown in figure 56. Tlie 
change in Ap/q with angle of attack decreased as the 
vent hole was moved toward the trailing edge because the 
change in pressure with angle of attack at a point on an 
airfoil decreases as the point moves toward, the trailing 
edge. The curves of Ap/q versus a, are almost straight 
lines up to an angle of attack of 16^ at R = O.7I1 x iQo 
and 190 at R = 1,I|.6 x 10^. The' angles of attack at 
v/hich the curves suddenly change character are probably 
the angles at which the tip region of ti:./:i model stalled. 
The data obtained for the tip vent indicate a very large 
variation of Ap/q with angle of attack. The curves 
for the tip vent undergo a sudden change in character 
at the same angles as the chord, vents, l6^ at 

R = 0.7i^ X 10^ and l3^ at R = l.i|6 x 10^\ The curve 
of Ap/q reaches a maximum at approximately 5^ instead 
of, as v\rould be expected, at 0*^, The model twist of 
about 2^ from root to the tip region accounts for most 
of the difference. 
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CONCLUSIONS 



The data obtained for the models tested indicated 
the following conclusions: 

!• The aerodynamic characteristics of the fabric- 
covered models v/ere markedly affected by variations of 
pressure. Usually, the most desirable pressure in the 
hollow rear portion of the m.odel was one equal to the 
free-stream static pressure. An internal pressure 
greater than that of the free -streajn usually produced 
an increase in section dra^ coefficient, a decrease in 
maximiTm section lift coefficient, and a forv/ard movem.ent 
of the aerodynamic center. An internal pressure less 
than that of the free-stream static pressure usually 
produced a slight increase in section drag coefficient, 
a slight increase in maximum section lift coefficient, 
and a slight rearward movement of the aerodjmamlc center. 

2, The effect of mc'del internal pressure on the 
aerodyn.amic characteristics increased as the test 
d^mamic pressure increased. 

3. Halving the rib spacing of a fabric-covered 
model made the aerodynamic characteristics less sensitive 
to the model internal pressure. 

Blades having plr.vood surfaces had maxim.um section 
lift coefficients no higher than those of fabric-covered 
models and drag coefficients about 0.0013 less than those 
of the best fabric-covered models, 

% The effect of smoothing and fairing the forward 
third of a typical fabric-covered test section was to 
reduce the section drag coefficient by about 0.0013 in 
the range of m^oderate lift coefficients. 

6. Comparison of the data obtained for the practical- 
construction models, at internal pressures equal to and 
less than that of the free-stream static r^ressure, with 
those for a smooth and fair NACA 0012 airfoil section 
Indicated no imDortant differences in the maximum section 
lift coefficient. The drag coefficients for the smooth 
and fair NACA 0012 airfoil section were lower than the 
lov/est obtained for the practical-construction NaCA 
0012 models by an amomit which increased from. O.OOO5 
to 0.0025 as the magnitude of the lift coefficient 
increased from zero to moderate values. 
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7. The effect of adding a leading-edge abrasion 
strip was to reduce the section drag coefficient by 
about 0.0008 in the range of moderate lift coefficients 
for zero Internal-Pressure difference. 

8. Models which had approximately the NAG A 
OOIO-6I4- airfoil section had section maximum lift coef- 
ficients about 0.3 less than those obtained on airfoils 
built to represent the NACA 0012 airfoil section. 

9. Measurements of Internal pressures for vent 
holes' located on the lower surface of the fabric-covered 
tip section, inboard of the tip, indicated pressures 
less than the free-stream static pre;:5sure at all angles 
of attack except the highest and a variation of pressure 
with angle of attack tho.t decreased as the vent was 
moved toward the trailing edge. The internal static 
pressures for a vent olaced in the extreme tip of the 
blade were less than that of the free stream throughout 
the range of angles of attack and the variation with 
angle of attack vvas very large. The values of the 
measured static pressure ranged from 55 percent to 

250 percent of the free-stream dynamic pressure beneath 
that of the free-stream static pressure. 

10. Measurements of the spanwlse variation of 
section drag coefficient along the span of the two 
tip sections Indicated a peak in the section drag 
coefficient about 5 inches from the blade tip that 
increased with increase in angle of attack. 

Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., September 6, 19kh 
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Variation of 
Chord Along 
Span ( Inohaa ) 


Conatraotlon 


Rib Spacing, Inchea 
Large Center Saall 

Chord Portion Chord 
oa%x %jx op an snu 


Type of 
Leading Edge 


flnlah Orer 
Kraard Third 
of Model 


Plnlah Over Rear 
Two-lhlrda of Model 


BeMirka 


TH-UA Ho. 1 

Hp 

Section 


S— ngure 12 


Pbrvard third aolld 
wood, rlbi to rear. 
Entire aaaeably 
fAbria-fiQiftrad 


Rib apaclng Tarled 
froa ^ to 5j. 


tkipalnted 
aetal 

abraalon atrip 


Tkbrle grain apparent. 
Leeal nlcka and 
btapa 


ikbrlo grain ^parent. 
Bwpy ower rlba 


IMel recelred with twlat along apan. Tip . 
region at geoaatrlo angle of attack about 2 
leea than root, aa aoxxnted In tunnel 


YR-UA Ho. 5 


Linear froa 

10-5- to 15^ 

lo ■% 


■ 




Painted aetal 
abraalon atrip 


Local rldgea at Joint of 
abraalon atrip and air- 
foil proper, ntbrle 


3aooth between rlba, 
buapy over rlba 




TR-UA Wo. k 


Linear froa 


■ 




lo abraaloo 
atrip 


Rough to touch. 
Vkbrlc grain apparent 


■ 




JK-iiA Ho. 6 


Linear from 

lo lb 


■ 


5 5 5 


Balf apaa od- 
palnted aetal 
abraalon atrip 


fkbrle grain apparent 


nibrle grain apparent 
to touch; btu^y ower 
rlba 


^Rartioal alota In leading-edge abraalon atrip 

ruiad 


TR-UA Ho. 10 


Linear freai 


• 




Qapalnted aetal 
abraalon atrip 


m 


Boapy and rough 




TR-1;A Ho. 10 

/Smooth \ 
1 fcrward] 
\ Portion/ 


■ 


• 


mm m 






■ 


fftairvAFd third faired to HACA 0012 contour 
with pyroxylin glaalng putty and aanded. 
Saooth to touch except for local boapa 


XR-^ Ho. 2 
Tip 
Section 


See figure 12 


Rigid wood aurfaee. 
Outer laTer of fabrle 
for about forward 
20 percent of chord 




Saall fabrlc- 
•oTered aetal 

■ trip 


Pkibrlc grain apparent 
over leading edge 


Saeoth except for 
local nlcka and 
buaqpa 


T]^p«r aurrace, aa aounteo m mnnei, llg&Cly 
aanded before beginning teata 


XR-6 No. 5 


Linear froai 

^°1^ 


■ 




■ 


• 


■ 




XR-^ Ho. 7 


Linear froa 

Ik to 1^ 






■ 


ftbrlc grain apparent 
In leading-edge 
region 


a 




XR-5 (•) 


Linear ffam 


ODe aurfaee 30 per- 
•ent wood, ether 
100 percent. Rlba 
for rear 72 per- 
cent of chord. 
Entire aaaeably 
f abr Ic -c ov ered 




lo abraalan 

atrip 


Mibrlc grain apparent, 
local Duapa 


fkibrle grain apparent, 
loeal bcBfia. Bampf 
oTer rlba 


5^<p«P*<pt wood aurfaee qpper atirfaoe In 
fVH«l. Model reeelwed with aoat of 
•pea twlated to negatlwe angle of attack 
aa aounted In tunnel 


XR-5 (b) 


Linear froa 

^1 *° "li 


Both aurfacea ^0 per- 
oeot wood. Rlba 
for rear pereeot 
of chord. Entire 
aaaeably fahrlc- 
coTcred 


^ i ' 


a 


■ 
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TABLE II 
LIST OP TESTS 

- Drag, M - Pitching Moment 



NATIONAL ADVISORY 



Model 


Chord Used to 
Calculate 
Rayoolda Hunl>er 

('Inches) 


Portion of Span Over 
Which Drag Was Taken 


Model Internal Pressure 
Inohes of Hater. 

T7*^il1*l*A(i tfi f f* AA«>S tt*Aaiii 

static pressure 


R X 10"^ 


1 


Dynamic 
pressure, q. 
iDs/sq rt . 


Charaoterlstios 
Measured 


Left of 
Center Line^ 

Incb;?t 


Rigjit of 
Center Line^ 
Inohes 


TR-UA Ho. 1 
Tip 
Seotion 


10.0 


Outer portion of tip 


0, Uo 
0, So 
0, Uo 


2.09 


0.150 
0.280 
0.575 


26.0 

102 

209 


D 

D 
D 


TR-Ua Ho. 3 


11.7 


k 


1^ 


0, tzo 
0, tzo 
0, tzo 


O.gl 


0.262 
0.575 


26.0 

102 
210 


L, D, M 
L, D, M 
L, D. M 


TR-UA No. k 


11.7 


h 




0, tzo 


1.87 


0.241 


102 


L, D, M 


TR-UA Ho. 6 


15.1; 


5 


5 


0. $20 

0, 5o 


z\Ta 


o.iai 
0.S2 


102 
156 
201 


L, D, M 
L, D, M 
L, D, M 

T T> If 

L, D, M 


TR-^ Ho. 10 


11.7 


h 


k 


0, t20 
0, 120 
0, 120 


0.91 
1.81; 

2.59 


O.lSl 

o.ui 
0.57a 


26.0 
102 
209 


L, D, M 
L, D, M 
L, D, M 


TR-IU Ho. 10 

/Ssioeth >^ 

\FortioiV 


11.7 


h 


k 


0, -20 
0. -20 


l.SU 
2.59 


0.2^2 

0.575 


102 
210 


L, D, M 
L, D, M 


XR<^ Ho. 2 
Tip 
Seotloa 


10.0 


Outer portion of tip 


Rigid surfaee. 
Ibtemal preaaur« 
not adjusted. 


2.09 


O.IJO 

0.2B0 
0.575 


26.0 

102 
209 


D 
D 
D 


XR*^ Ho. 5 


11.7 


h 


k 


Rigid surfaee. 
Internal preesure 
not adjusted. 


0.92 
1.78 
2.68 


O.IU 

o.m 
0.575 


26.0 
102 
210 


L, D, M 
L, D, M 
L, D, M 


XR-^ Ho. 7 


15.U 


k 


k 


Rigid surfaaa. 
Internal pressure 
not adj^astad. 


1.21 
2.25 

?¥ 


°*5^ 


26.0 

102 
210 


L, D, M 
L, D, M 
L. D. M 


XR-5 (a) 


15.U 


5 


5 


0, tzo 
^zo 

0 


1. w 

2. £o 

2«U0 


o.sil 


26.0 

. 102 
102 


L, D, M 
L, D, ¥ 

L, D 


Xl-5 (b) 


15.U 


5 


5 


0, -20 
0, -20 

0 
^0 


1.20 

1:1 


m 


26.0 
102 
201 
201 


L, D, M 
L, D, M 
L, D, H 

D 



TABLE III 

LIST OP REPAIRS cmZ^Zo'''^'''' 

COMMITTEE FOR /'FPONAUTICS 



Modal 



TR-l|A No, 1 
Tip 
Section 



Repairs 



No repairs. 



YR-I|A No. 3 



No repairs. 



TR-I4A No. k 



No repairs 



YR-l^-A No. 6 



Craoks in fabrl^c along ribs near ^railing edge, 
ftibric split at trailing edge. Dope applied 
to cracks. Strip of aircraft tape applied 
to trailing edge and doped in place between 

runs at R = 2.95 x 10^ and R = 5.20 x 10^. 
(See photograph.) Pfcbric tension decreased 
during tests. 



TR-liA No. 10 



Local cracks in fabric, 
dope. 



Repaired by applying 



YR-UA No. 10 
/ 3mooth\ 
[ Forward J 

\ Portion/ 



Local cracks in fabric repaired with dope. 

Ffeibric split on one surface on center line of 
model. Piece of aircraft fabric doped over 
split . 



XR-6 No. 2 
Tip 
Section 



No repairs. 



XR-6 No. 5 



No repairs . 



XR-6 No. 7 



XR-5 (a) 



End rib began to work loose from main portion 
of span; reinforced. (See photograph.) 

No repairs. 



XR-5 (b) 



No repair a • 



TABLE IV (a) 



SPANWI3E VARIATION OT DRAO COEPPICIENT ?0R THE TR-UA NO. 1 

HELICOPTER BLADE TIP SECTION NATIONAL ADVISORY 

CO:;,MinEE FOR AERONAUTICS 
L, Distance InboaM from blade tip, inohee 
a. Angle of attack, degrees 



Test Conditions: R = O.7U x 10 , M = O.IJO, internal pressure, +20 inches of water 







.2^ 


0° 


2^ 


k" 


6° 


8^ 


10^ 


12^ 




16" 


18° 


20° 


2 

I 
I 
I 


0.0089 
.0075 
.0109 
.0090 
.007U 
.0111 
.0161 




0.0101 

.00U6 
.oijU 

.0065 

.0115 
.0082 

.007? 
.0082 
.0101 

.0109 




0.0052 
.OOL7 
.0060 
.0085 
.0129 
.0088 
.0079 




O.OllJ; 
.0100 
.0126 
.0120 
.Ol];!; 
.0139 
.0109 




0.0128 

.Ol;19 
.0079 
.O1S7 
.O21S 
.0102 
.0156 




0.0670 

.2l;20 
.0159 
.0182 
.0128 
.0118 
.0155 
.0158 
.Olfil; 
.0190 




O.071J1 

.0658 

.Ol;02 
.O55U 
.0722 
.0918 


9 
10 

u 


.0156 
.0096 
.0150 






.0079 
.0100 
.0099 




.0097 
.0082 
.0076 




.0127 
.0170 
.0179 






.1180 
.1461 
.1620 


Test 


Conditional R ' O.Jk x 10^, M - O.I3O, internal pressure, 0 inehes of wat«r 


1 
2 

I 
I 
I 

9 

10 

11 


0.0152 
.0180 
.0102 

.0077 

.oo8u 

.0101 
.0110 

.0086 
.0096 
.0109 


0.0097 
.0130 
.0131 
.0067 
.0097 
.OO7S 
.0099 
.0092 
.0100 

.oioU 


0.0180 
.0050 
.0107 
.0077 

.0112 
.0090 
.0092 
.0086 
.0101; 
.0089 


O.OOI18 
.0068 
.0070 
.0069 

.0117 

.Oll;0 
.0078 
.0086 
.0101+ 
.0087 


0.0090 
.0050 
.0072 

.0079 
.0110 

.0139 
.0079 
.0092 
.0101; 
.0101; 


0.0097 
.0066 

.00l;5 
.0107 
.01];8 
.0150 
.0090 
.0092 
.OlOk 
.0128 


0.0123 
.0096 
.0065 
.OO8U 
.0087 
.0157 
.0090 
.0100 
.0101; 
.OI5I; 


0.0210 
.0380 
.0052 
.0107 
.0155 
.0071 
.0105 
.0105 
.0125 
.0158 


0.0119 
.0210 
.1021 
.0220 
.OI5I; 
.0096 
.0QU6 
.0100 
.0181; 
.0150 
.0183 


0.0210 
.0302 

.o_ii2 
,0089 
.0115 

.0116 
.0120 
.0171 
.0195 


0.0269 
.0593 
.16^5 
.Ol;73 
.0705 
.0151 
.01^0 
.0118 
.Oll;S 
.O21I; 
.0261; 


0.0191 
• 0337 

.1201; 
.0367 
.0289 
.OUOl 

.0808 
.095U 
.1121; 


0.0l;50 

.oik9 

.02l;0 
.0518 
.OUlS 
.0556 
.0750 
.0985 
.1251 

.Ili3i^ 
.1550 


Test Conditions 1 R = O.7I4. x 10^, M = O.IJO, internal pressure, -20 inches of water 


0 
1 
2 

I 
I 

9 
10 

11 


0.0056 

.0077 
.0128 
.0093 
.0093 
.0076 
.0113 

.0100 
.0100 

.0105 

.OliA 




0.0050 
.0111 
.OOU3 
.0123 
.0069 
.0124 
.0086 
.OO9I; 
.0099 
.OlOli 
.0111 




.0096 
.0065 

.0055 
.0090 
.0112 

.Oli;9 
.0092 
.0109 
.0109 
.0096 




0.0015 
.0077 
.0100 
.009 s 
.0076 
.0093 

.oiJlj 
.0156 
.0078 
.009U 
.0117 

.Oli;l 




o.ooUo 

.0179 
.0151 
.0140 
.0101 
.0110 
.0229 
.0091; 
.0081 
.0087 
.0219 
.0186 




0.0259 
.O32I; 
.27U5 
.0292 
.0216 
.0152 
.0085 

.0095 
.0125 

.0527 
.0282 




0.0051 
.0328 

.0l;67 
.2066 

.0593 
.0511 
.0532 
.0652 
.0958 
.1182 



TABLE ly (b) NATIONAL ADVISORY 

COMMIHEE FOR AERONAUTICS 



Test Conditions: R = 1.U6 x 10 , M = O.28O, Internal pressure, -^20 Inches of water 



\. a 

l\ 




.2° 


0^ 




8^ 


12^ 


11.* 


16" 


20" 


- h 

- 5 

- 2 

- 1 

0 
1 

2 

I 
I 
I 

9 

10 
11 


0.00U2 
.0239 
.0201 
.006k 
.0102 
.0086 
.0077 
.0067 
.OI5U 
.0153 
.0108 




0.0015 
.0162 
.0061 
.0129 
.0078 
.0119 
.0087 
.0097 
.0115 
.0099 

.0155 


o.oooU 

.0011; 
.009li 
.OO6U 
.0065 
.0082 
.0129 
.0127 
.0085 
.0112 
.0111 
.0096 


0.0012 
.0019 
.0051 
.0155 
.0072 
.0085 
.0115 
.0115 
• 0077 
.0080 

.Oll|6 
.0128 
.0091 


0.0010 
.0020 
.0052 
.0099 
.0252 
.0281 
.0090 
.0102 
.0106 
.011k 
.0126 
.0166 
.OII4.8 
.0110 




0.0021 
.0028 
.0029 
.00l;3 
.0053 
.0279 
.0600 

.0093 
.0171 
.0160 
.0095 

.0136 
.0180 

'.01^^ 


0.0008 
.0009 
.0017 
.0031 
.0099 
.02l;2 
.11^51 
.0691 
.05U8 

.0557 

.0609 
.0605 

.0799 
.1010 

.1513 
.1526 


Test Conditional R = 


I.I4.6 X 10^, M = 0.280, Internal pressure, 0 


Inches of water 


0 
1 
2 

I 
I 
I 

9 
10 

11 


0.0055 
.0112 
.0291 
.0067 
.0091 
.0083 
.0096 
.0096 
.0106 
.0115 
.0126 




0.0016 
.0125 
.0059 
.0128 
.0071+ 
.0119 
.0092 
.0101 

.0095 
.0097 
.0081 


Q.OOO5 
.0117 

.oo61i 

.0060 
.0092 
.0114 

.oip 
.0082 

.0092 
.0085 
.0110 


O.OOlk 
.0028 
.0136 
.0095 
.0095 
.0069 
.0072 
.0175 

.0085 
.0091 

.0110 

.0152 


0.0125 

.0255 
» 

.0128 
.0119 
.0169 
.0070 
.0111 

.0099 
.0170 
.0161 


0.00l;2 
.0228 
.0509 

• 027jL 

.0085 
.011;^ 
.OI7I; 
.0155 
.0156 


0.0080 
.0201; 
.0701 

'« 
.0186 
.Ollil; 
.0069 

.0093 
.0129 
.OI7L 
.0196 
.0192 


0.0116 

.03l;6 

.1155 
« 

.0586 

.Ol;68 

.0575 
.0745 
.098I; 

.1201 

.il;77 


Test Conditions! R = 


1.U6 X lO^, M = 0.280, Internal pressure, -20 Inches of water 


- h 

- 5 

- 2 

- 1 

0 
1 
2 

I 
I 
I 

9 
10 

11 


0.0001 
.0052 
.0195 

!006U 
.0091 
.0080 
.0130 

.oloU 
.0105 

.0110 

.0103 


0.0021 
.0125 
.0119 
.0ll|2 
.OO8I4 
.0090 
.0088 
.0115 
.0096 
.0105 
.OlOU 


0.0001 
.0025 
.0138 
.0056 
.0135 
.0076 
.0127 
.0095 
.0108 
.0100 

.0106 
.0088 


.0007 
.0126 
.0061 
.0065 
.0092 
.0098 
.0165 
.0088 
.0105 
.0106 
.0113 


0.0021 
.0023 
.0122 
.0121; 
.0101 
.0075 
.0175 
.0156 

.0079 
.0095 
.01^2 

.Oll;5 


0.0181; 

.00l;0 
.00S2 

!026^ 
.0723 
.0130 
.0111; 
.0265 
.0085 
.0085 
.0085 
.0233 
.0171 




0.0021 
.0030 
.OO3I; 

.0053 
.0080 
.0140 
.0580 

.Ol;98 
.0365 
.OI5I; 
.0090 
.OO9U 
.0116 

.0359 
.0237 


0.0017 
.0023 
.0023 
.0024 
.00^8 

.185? 
.0516 
.0414 
.0471 
.0566 
.0941 
.1244 
.1529 
.1759 



♦ Drag-off scale of drag Indicator 



NATIONAL ADVISORY 
TABLE ly (c) COMMIHEE FOR AERONAUTICS, 

Test Conditional R = 2.09 x 10^ # M = O.575, 
Internal pressure, •f20 inches of water 



V 


4;° 


0^ 




8^ 


- 1 

0 
1 
2 

9 

10 
11 


0.0050 
.015I1 
.0205 
.0067 
.0110 

.0108 
.0085 

.0099 
.0165 
.0160 
.0126 


0.0175 
.0062 

.OI5U 
.0100 

.0155 
• 0091 
.0105 
.0109 
.0129 
.0122 


0.00014 

.0011 

.0105 
.0069 
.0081 
.0086 
.oiUi 

.01U5 
.0097 
.0125 
.0125 
.0097 


0.0015 
.0018 

.0051 
.0156 
.0080 
.0092 
.0105 

.0122 

.0097 
.0089 
.0097 
.0166 
.0082 


Test Conditions: R = 2.O9 x 10^, H = O.575, 
internal pressure, 0 inches of water 


- 1 

0 
1 
2 

I 
1 
I 

9 
10 

11 


0.0021 

.0155 
« 

.0068 
.0100 
.0091 
.0096 
.0105 
.0127 
.0150 
.0129 


0.0025 
.0185 
.0060 
« 

.0151 
.0090 
.0070 
.0088 
.0110 

.0115 

.0122 
.0112 


.0112 

.0068 
.0082 
.00911 
.0118 
.016U 
.0091 

.0100 

.0107 
.0215 


0.0012 
.0018 
.0025 
.0150 
.0110 
.0097 
.0101 

.0095 
.0172 
.0085 

.0092 
.0140 
.0171 


Test Conditions t R = 2.09 x 10^, M = 0»?75* 
internal pressure, -20 inches of water 


- 1 

0 
1 
2 

I 

I 
I 

9 

10 
11 


0.0002 

.00I45 
.0171 
.0225 
.0072 
.0105 
.008k 

.0116 
.0121 
.0115 
.0151 
.0152 


.0058 
.0156 
.0076 
.0151 

.0100 
.Olli; 

.0115 

.0119 
.OlOU 


0.0010 

ioo^U 
.0070 
.0095 

.0105 
.oik9 
.0085 

.0106 

.0087 
.0152 


O.OOlU 
.0021 
.0026 
.0119 

• 0175 
.0096 
.0086 
.0187 
.0176 
.0082 
.0090 
.0153 
.0188 



* Drag-off scale of drag Indicator 



TABLE 3L 



SPANWISE VARIATION OP DRAO COEFFICIENT POR THE XR-6 NO. 2 
HELICOPTER BLADE TIP SECTION 



Dlstano* Inboard froa blada tip, Inohaa 
Angla of attack, degreea 



T»at Condltlooa 



NATIONAL ADVIi>'RY 
COMMIHEE FOR AERONAUTICS 



6° 



10 



12 



14* 



18'' 



9 

10 
11 
12 



.0065 




.00(46 


.OOhl 

.0067 


.0075 


.0069 


.0079 


.0087 


.0079 




.0065 


!oo8k 


.0088 


.0086 


.0101 


.0089 


.0101 


.0084 


.0105 

.0106 


.0086 
.0091 



0 
0 

.0069 

.007U 

.0079 

.007b 
.0079 
.0085 
.0089 

.'00^ 

.0085 
.0078 



.0098 
.0171 
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(a) Upper surface upon completion of tests. 
Figure 1.- Photograph of YR-4A No. 1 tip section. 



NACA 
LMAL 373893. 




(b) Lower surface upon completion of tests. 
Figure 1.- Concluded. 




Lower surface upon completion of tests. 
Figure 2.- Photograph of YR-4A No. 3 helicopter test specimen. 



Upper surface upon completion of tests. 
Figure 3.- Photograph of YR-4A No. 4 helicopter test specimen. 
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Figure 5.- 



Upper surface upon completion of tests. 
Photograph of YR-4A No. 10 helicopter test specimen. 



(a) Upper surface upon completion of tests. 

Figure 6.- Photograph of YR-4A No. 10 (smooth forward portion) 

helicopter test specimen. 




(b) Lower surface upon completion of tests. 
Figure 6.- Concluded. 
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Lower surface upon completion of tests. 
Figure 7.- Photograph of XR-6 No. 2 tip section. 





Lower surface upon completion of tests. 
Figure 8.- Photograph of XR-6 No. 5 helicopter test specimen. 




Figure 9.- 



Lower surface upon completion of tests. 
Photograph of XR-6 No. 7 helicopter test specimen. 




(a) Upper surface upon completion of tests. 
Figure 10.- Photograph of XR-5(a) helicopter test specimen. 




(b) Lower surface upon completion of tests. 
Figure 10.- Concluded. 




(a) Upper surface upon completion of tests. 
Figure 11.- Photograph of XR-5(b) helicopter test specimen. 




(b) Lower surface upon completion of tests. 
Figure 11.- Concluded. 
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Quarter-chord line 



Figure IZ, Location of tip 
vent on YR-4A No« 1 blade 
tip section* 
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Figure /3 Variation of chord along span of YR-l^A No, 1 and XR-6 No. 
blade tip section. 
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(a) Drag coefficient versue lift coefficient, 
Flgxire 1'+,- Aerodynamic data for the YR-l^ No. 5 Helicopter 
test section. R = .9I x 10^, M * .I5I. 




(b) Lift coefficient versuo angle of attack, 
Wgiire 14 Continued, 
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(c) Pltchlng-moment coefficient about quarter-chord point versus lift 
coefficient • 



Figure 1-4 • - Continued. 
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(d) Pltchlng-moment coefficient about aerodynamic centers versus lift 
coefficient . 



Figure 14 •- Concluded, 
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ia) Drag coefficient versus lift coefficient 
Figure /vT.- Aerodynamic data for the YR-i|A No. 5 Helicopter 
test section. R r= I.8I4. x 10^, M = 0,262. 
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(b) Lift coefficient versus angle of attack. 
FlFure/^,- Continued. 
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(c) Pit chin g-moment coefficient about quarter-chord point versus lift 
coefficient 



Figure - Continued. 
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(d) PltchlngHBioment coefficient about aerodynamic centers versus lift 
coefficient 



Figure 15 Concluded. 
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(a) Drag coefficient veraua lift coefficient 
Figure /6 Aerod3rnfimic data for the YR-UA No. 5 Helicopter 
test section. R = 2.58 x 10^^ M = O.375. 



I 



1 



f 

•\ 
.€ 
.2 






Symbol Internal Pr^aaur 
Inches of Water 

O 






















\j 

+20 
-20 






















































.e 

4 

0 






















































































































































































f 














4 


























B" 












































NATIONS 


. ADVIS] 


RY 

mm. 




2^ 
















— GWJ 











-24 -16 -8 0 e 16 

Section angle of attack, a , deg 



(b) Lift coefficient versus angle of attack. 
Figure / 6 Continued. 
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(c) Pltchlng-momen t coefficient about quarter-chord point versus 
lift coefficient 



Figure /6 , - Continued. 
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(d) Pltchlng-moment coefficient about aerodynamic centers versus lift 
coefficient 

Figure /6 Concluded. 
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(a) Drag coefficient versus lift coefficient 
Figure /7.- Aerodynamic data for the YR-i|A No. 6 Hellcop.ter 
teat secWon. n ^'1.72 x 10^, M = ClSl. 
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Cb) Lift coefficient veraua angle of attack 
Figure/^ Continued. 
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(c) Pitching-moment coefficient about quarter-chord yeraua lift coefficient 
/7.- Continued. 
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(a) Drag coefficient versue lift coefficient 
Figure J 8.- AennocSynamic data for the YR-l^A Ifo* 6^ Helicopter 
test section. R 2.1^2 k 10^, M = 0.262. 




(b) Lift versus angle of attack 
Figure 18 Continued. 
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(c) Pltchlng-moment coefficient about quarter-chord versus lift 
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(d) Pitching-xnoment coefficient about aerodynamic center versus 
lift coefficient 



Figure 75 Concluded. 
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(a) Drag coefficient versus lift coefficient 
!'i^mre/>9.- Aerodynamic data for the YR-L|.A No. 6 Helicopter 
test section. R = 2.95 ^ 10^, M = 0.522. 




(b) Lift Tersua angle of attack 
Figure 1^ Continued, 
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(c) Pit chin g-moment coefficient about quarter-chord versus lift 
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Figure 19 Concluded • 
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Figured 2.- Aerodynamic data for the XR-5(b) Helicopter test 
section. R = 2.50 X 10^, M = 0.262. 
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(b) Lift coefficient versus angle of attack 
Flg\ire32.- Continued. 
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(a) Drag coefficient versus lift coefficient 

Jlgure33.- Aerodynamic data for the XR-5(b) Helicopter test 
section. R = 5-16 x 10^, M = 0.573. 
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(b) Lift coefficient versus angle of attack 
Figure33,- Continued, 
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Figure 33» - Continued. 
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(c) Vent at x/c = .60 
plgure>36 Continued, 



L-643 
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(d) Vent at x/c = O.7O 
FlfiTure 36. - Continued. 
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(e) Vent at x/c = O.8O 
Figure ^"o.. Continued. 
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Section lift coefficient, c. 
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(a) Drag coefficient versus lift coefficient 
Figure 37.- Aerodynamic data for a smooth and fair NACA 0012 
airfoil section. R = I.76 x 10^, M = O.I5O. 
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